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(57) ABSTRACT

A product palette for carrying an electronics product on a
production line for electronics products. The product palette
includes a signal interface for establishing a signal connec-
tion between the product palette and the product, and a test
arrangement connected to the signal interface. The test
arrangement 1s used for subjecting the product to one or
more test operations on the product palette by the signal in
terface.

10 Claims, 7 Drawing Sheets
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METHOD AND PRODUCT PALETTE FOR
TESTING ELECTRONIC PRODUCTS

BACKGROUND OF THE INVENTION

The invention relates to a method of testing an electronics
product, the method comprising placing the product on a
product palette, moving the product palette and the product
on 1t along a production line to a work-station on the
production line for performing operations on the product.

The invention also relates to a product palette for carrying,
an electronics product on a production line for electronics
products.

The second embodiment of the invention relates to a
method of subjecting an electronics product to operations.

The product can be e.g. a finished device, a semi-finished
product or a circuit board provided with components and
wirings. The product may be e.g. a mobile phone to be tested
with or without the battery or a circuit board of a mobile
phone with components and wirings. It 1s clear that the
product to be tested can also be some other product.

Prior art methods and solutions for testing electronics
products, such as mobile phones, comprise moving of the
product to be tested on a product base, 1.e. a palette, along
a testing line via one or more test stations. Testing 1s
performed at the test stations and the palette functions as a
base along which the product 1s moved to the test station and
away Irom the test station. The prior art solutions often
employ an arrangement i which a rack provided with
several expensive measuring devices 1s placed in the test
station or attached to 1t. The rack also comprises test devices
which perform some relatively simple test operations.

The prior art solutions have several disadvantages, which
are particularly related to the fact that the actual testing
pertod of the product 1s short compared to the time the
product spends on the testing line. The testing period of the
product can be only 20% of the total period the product
spends on the testing line because most of the time the
product only lies on the palette as the palette moves towards
a test station or away from the test station. The palette may
also be stationary on the testing line. Another problem 1s that
testing 1s not very eflicient because both complex and simple
test devices perform their test operations one at a time, 1.€.
one after the other. Since several aspects of the product
cannot be tested at the same time, the other test devices are
inutile as one test device included 1n the same entity per-
forms testing. To keep the capacity of the production line
high, 1t has been necessary to increase the number of test
stations. Naturally each test station must have been provided
with a separate rack of testing devices. The price of test
devices provided 1n a test rack serving one test station may
amount to USD 200,000. Increase of the number of test
stations and test devices also requires more floor area, which
adds the costs and makes 1t more diflicult to change the
layout of the apparatuses at a production facility.

In prior art solutions related to the second embodiment of
the invention, transmission of data on operating settings to
the product, e.g. transmission of software to a mobile phone,
has been implemented by connecting the phone directly to a
PC, for example, from which the soitware of the phone has
been transmitted to the phone. This step requires unneces-
sary moving of the product and connection of the phone to
a separate device, e.g. to a PC. Furthermore, the above-
mentioned underutilization of time also constitutes a prob-
lem.
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2
BRIEF DESCRIPTION OF THE INVENTION

The object of the invention 1s to provide a test method, a
method of directing operations and a product palette which
sufliciently meet the requirements of modern electronics
production.

For achieving the above-mentioned object, the test
method of the invention 1s characterized in that the method
comprises performing one or more test operations on a
product 1n the product palette before and/or after a work-
station by feeding one or more test impulses from the
product palette mto the product on the palette, the method
comprising detecting in the product palette the influence of
one or more test impulses on the product to be tested on the
palette.

The product palette of the invention 1s characterized 1n
that the product palette comprises a signal interface for
establishing a signal connection between the product palette
and the product, and a test arrangement connected to the
signal interface, the test arrangement being used for per-
forming one or more test operations on the product in the
product palette via the signal interface.

According to the second embodiment of the invention, the
method of subjecting an electronics product to operations in
characterized in that the method comprises feeding, infor-
mation once or several times from the product palette to the
product before and/or after the workstation by feeding one
or more data on operating settings from the product palette
to the product on the palette.

The product palette according to the second embodiment
of the invention 1s characterized in that the product palette
comprises a signal interface for establishing a signal con-
nection from the product palette to the product, and the
product palette comprises a memory which 1s connected to
the signal interface and from which the product palette feeds
to the product data on operating settings the product needs
for 1ts operation.

The 1mvention 1s based on the fact that the product palette
1s provided with intelligence suflicient for feeding informa-
tion to the product. The embodiment related to testing 1s
based on connecting the devices needed for testing to the
palette at least 1n respect of some test operations, and thus
testing can also be carried out somewhere else than at the
test stations. Regardless of whether the product and the
palette move or whether they are stationary somewhere on
the testing line, testing can be carried out at any time,
provided that the product is on the palette. The second
embodiment of the invention, 1.e. the embodiment of sub-
jecting the product to data transmission operations, 1s based
on the fact that the palette 1s provided with intelligence and
memory for transmitting data on operating settings from the
palette to the product on the palette. The common features
of the embodiments of the invention include a signal con-
nection from the palette to the product and transmission of
information from the palette via this signal connection to the
product. In the first embodiment the information to be
transmitted consists of test impulses. Furthermore, in the
first embodiment a response to the impulse 1s also trans-
terred from the product to the palette. In the second embodi-
ment the mmformation transferred from the palette to the
product consists of data on operating settings.

An advantage of the method and product palette accord-
ing to the embodiment of the invention related to testing 1s
that they provide more testing alternatives and testing can be
performed in phases. Furthermore, 1t 1s unnecessary to
increase the size and number of test stations because part of
testing, or 1n some cases whole testing, can be carried out on
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the product base, 1.e. the palette, when the palette and the
product move or when they are stationary. The solution
according to the mvention thus utilizes the large amount of
time that was wasted 1n the previous solutions, 1.e. the time
the product was on the palette when the palette was moving
outside the test station or was stationary. The solution
according to the invention allows to shorten the duration of
production phases. The solution of the invention also brings
considerable savings in the costs,because the number of
expensive test devices decreases and testing becomes faster.
The advantages of the embodiment related to subjecting the
product to operations, 1.e. the embodiment related to data
transmission, are related to the above-mentioned aspect, 1.¢.
to the fact that time 1s used more efliciently and thus
production 1s also more eflicient.

The test operations performed on the palette and/or trans-
mission of data on operational settings from the palette to the
product can take place at any time and anywhere before
and/or after the workstation. This means that they do not
need to be carried out right before the workstation or right
alter it, but clearly at a distance from the workstation both
temporally and physically.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described 1n greater detail by means
of preferred embodiments with reference to the accompa-
nying drawings, in which

FIG. 1 1s a schematic top view of a production line for an
clectronics product,

FIG. 2 illustrates a product palette with four products,

FIG. 3 1s an exploded view of FIG. 2,

FIG. 4 1s a block diagram 1llustrating a test arrangement,

FIG. 5 1s a block diagram 1llustrating several test arrange-
ments provided 1n the same product palette,

FI1G. 6 1llustrates a product palette with four semi-finished
products,

FIG. 7 1s an exploded view of FIG. 6.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In the figures the mvention 1s applied on a production line
2 for electronics products 1. It should be noted that testing
1s one of the operations performed on the production line.
The figure illustrates a production line 2, which comprises
one or more conveyers 21 to 24 and one or more worksta-
tions 31 to 33. The workstations 31 and 33 shown in the
figure are e.g. test stations and the workstation 32 1s a station
which manufactures the product further, e.g. loads compo-
nents, carries out soldering or the like. The figures show
product palettes 100, which carry one or more products 1. In
the example 1llustrated 1n the figures the product palette 100
carries four products 1. The conveyers 21 to 24 are e.g.
conveyor belts or chain conveyors which move the product
palettes 100 and the products 1 on them.

According to FIGS. 2 and 3, the product to be tested or
treated otherwise may be a complete product or a nearly
complete product 1 which lacks a power source, such as a
battery or the like. The product 1 can also be a semi-finished
product as shown in FIGS. 6 and 7 or another unfinished
product, such as a circuit board with components and
wirings. In a preferred embodiment the product 1 to be
tested 1s an electronics product 1 provided with a user
interface and/or a display, e.g. a mobile phone or another
wireless radio transceiver terminal 1, such as a paging
device. Testing can be performed with or without the power
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source of the product. In most mobile phone models there 1s
a SIM card 1s under the battery, and thus testing 1s performed
without the battery so that a connection can be established
from the test support in the test unit to connectors provided
for the SIM card in the product. Another reason for testing
without the battery 1s that the operation of the product needs
to be tested at deviating voltage values.

The product palette comprises a body 101, whose lower
surface, for example, 1s placed against the conveyer on the
production line. The body comprises a support 102 which
supports the products 1, or the support rests on the body.

In respect of the embodiment related to testing, 1t 1s
essential that the product palette comprises a signal interface
110 for establishing a signal connection between the product
palette 100 and the product 1, and a test arrangement 120
connected to the signal interface, which 1s used for perform-
ing one or more test operations on the product 1 via the
signal interface 110. The signal interface 110 may also be
included 1n the test arrangement. The signal interface 110
can establish a connection to a connector 115 provided 1n the
product, a contact area or to a similar point, for istance. In
FIGS. 6 and 7 the signal connection also comprises com-
ponents 110a, which 1n FIGS. 6 and 7 are probes which are
provided 1n a probe piece 333 and whose lower surface 1s
connected to component 110.

To make the product palette more independent, the test
arrangement 1n the product palette comprises a test impulse
generator 122, 123 for generating one or more test impulses
in the product palette and a test impulse feeder for feeding
one or more test impulses to the product on the product
palette, the feeder being connected to the test impulse
generator. In the test arrangement of the product palette the
test impulse generator 122, 123 comprises a generator 122
of analogue impulses and/or a generator 123 of digital
impulses. The test arrangement 1n the product palette further
comprises a detector 124, 125 for detecting the influence of
the one or more test impulses on the product to be tested on
the product palette 100. In the test arrangement of the
product palette the detector of the impulse influence com-
prises a detector 124 of analogue responses and a detector
125 of digital impulses.

In the product palette the test arrangement and/or the
product palette comprises an energy source 140 which
provides energy for generating one or more test impulses,
and thus an external energy source 1s unnecessary. The
energy source 140 also supplies the energy needed to detect
the responses to the impulses. The energy source can also
supply the energy needed to drive the products, especially 11
no battery 1s attached to the product 1. The product palette
also comprises a charging connection 141 for charging the
energy source 140 of the product palette. Charging can be
carried out in one or more workstations 131 to 133, for
example.

The first embodiment of the invention relates to a method
of testing an electronics product. The method comprises
placing the product 1 on a product palette 100 and moving
the product palette 100 with the product 1 on 1t along a
production line to a workstation on the production line to
subject the product to operations. The 1dea of the invention
1s that before and/or after the operations to be performed at
the workstation, 1.e. before the product on the product palette
arrives at the workstation, one or more test operations are
performed on the product on the product palette by feeding
one or more test impulse from the product palette to the
product on the palette. The method also comprises detecting
the influence of one or more test impulses on the product to
be tested on the product palette.
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The impulse to be fed from the product palette 100 to the
product 1 1s an analogue signal and/or a digital signal. The
analogue 1mpulse generated by the analogue impulse gen-
erator 122 1s e.g. a signal of 500 mA, which 1s fed as a
calibration signal into the charger iterface of the product,
such as a phone, which 1s in the area of the connector 115,
for example. An example of a digital impulse signal 1s a
signal which 1s generated by the digital impulse generator
123 and renders a pin of the phone connector to the ground
potential to simulate a situation where e.g. handsiree equip-
ment, 1.e. the ear-piece and microphone (headset), 1s con-
nected to the phone connector.

In addition to the responses to the above-mentioned
impulses, the responses to be detected may include an
analogue response used as control voltage or as another
control signal for an external device to be connected to the
phone wirelessly or with a cable. The digital response can be
¢.g. a digital control related to the function of the phone’s
data link or digital data transmission related to handshaking
for activating the data link. In hand-shaking the phone
notifies the other party, e.g. a notebook computer, with a bit
that the phone will reserve the transmission connection for
itself, although 1n testing the situation 1s only simulated, 1.e.
the object 1s to make the phone or the like to produce the
desired response by means of the impulse.

In FIGS. 4 and 5 the test arrangement 1s implemented by
means of a controller unit MCU (MicroControllerUnit), for
example. The MCU comprises a processor, 1.e. a CPU, an
analogue I/O (Input/Output) 122, 124 and a digital 1/O 123,
125. Reference number 110 denotes the signal connection
tfor the traflic between the product palette and the product. In
FIG. 4 the abbreviation DUT means ‘Device under test’, 1.e.
the product to be tested. The controller unit also comprises
a power control block 145, which adjusts the energy
obtained from the battery 140 of the product palette to render
it suitable. F1IGS. 4 and 5 also show a transmission route 150
via which the test arrangement can be connected to other test
arrangements on the same product palette, mainly because
they have a common energy source 140. The arrangement
turther comprises connections 151 to 155 via which the CPU
controls the other components of the test arrangement. In
addition, the arrangement comprises a connection 156 via
which the power controller 145 communicates with the
transmission route 150. The arrangement also comprises a
connection 157 on which the arrangement can communicate
with a transmaission connection 600, via which e.g. response
information can be transmitted to an external system, e.g. to

an information system which controls the production.

The first embodiment of the mvention functions as fol-
lows: the impulse blocks 122 and/or 124 controlled by the
CPU generate one or more test impulses of the desired type,
and one or more responses induced by the mmpulse are
measured with one or more detectors 123, 125 controlled by
the CPU. There are several uses for the measured, 1.e.
detected, responses to the test impulses. One way 1s to store
them 1n a memory 500 for later retrieval and/or transmit the
responses to an external system via the transmission con-
nection 600, for example. The transmission connection 600
1s e.g. an RS232 connection. A third way 1s to generate an
indication of the response content with LED indicator lights
or with some other indicator 800. The indication shows e.g.
that a detected response deviates from the expected response
to such an extent that the product needs to be repaired. The
palette 100 1s preferably also provided e.g. with an IR
connection, 1.e. an infrared connection, with a connection of
the Bluetooth type or with another transmission connection
700 via which the palette 100 communicates with the
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information system of production control (e.g. Line Man-
agement System). Instead of the optical IR connection,
another kind of optical connection, 1.e. a laser connection,
can be used. Instead of the optical connection, a radio
frequency connection can be used, e.g. the above-mentioned
Bluetooth connection or a WLAN connection. A suitable
data transmission rate for the transmaission connection 700 1s
9800 Bit/s to 2 Mbit/s. On the palette side the wireless
transmission connection 700 1s implemented as one or more
independent devices, 1.e. as communication module(s) con-
nected to the palette’s system bus. One palette may comprise
several communication modules, 1.e. the connection may be
an optical transmission connection covering the neighbour-
Ing area or a connection covering the whole route of the
palette, such as a WLAN connection. Communication can
be used for loading vanation of data on operating settings,
1.e. new data, mto the memory of the palette when the
production lot changes, 1n other words, when products with
different software are to be manufactured. Communication
via the connection 700 can also be used for routing the
palette during production. The commumnication can connect
the palette to a line management system, which can manage
statistical information e.g. on the number of products flashed
on the palette, 1.e. to how many products data on operating
settings, such as operating soitware, have been transmitted
from the tlash memory of the palette. The battery status can
also be monitored. The transmission connection 700 can be
used for the same purpose as the transmission connection
600.

Progress of the palette on the production line 1s controlled
by the line management system. For this purpose the test
designer can configure different routes for progress, which
are 1n practice implemented by communication between the
palette and the line management system by means of the
wireless connection 700, e.g. the IR connection 700. The
commands related to the line management should also be
defined so that they correspond to the SCPI standard as
much as possible. One of the most important instances of
communication between the palette and the line manage-
ment system 1s the transfer of test results on the product
tested via the line management system to the statistics data
of the production line. The transmission connection 700 1s
implemented with a transmitter and a receiver.

FIG. 4 also shows a memory 901 to 904 consisting of one
or more parts or a memory entity consisting ol several
memories 901 to 904, but the memory 901 to 904 1s more
relevant to the second embodiment, which will be described
later 1n this application. It should be noted, however, that the
teatures of the second embodiment may be additional fea-
tures of the first embodiment and vice versa.

The moment at which testing 1s performed on the product
palette 100 may be one or more of the following: when the
product palette 100 moves on the production line, when the
product palette 100 1s stationary on the production line, after
the product palette 100 has been removed from the produc-
tion line.

Viewed as a whole, testing preferably consists of phases,
1.¢. in the method preferably at least one workstation 1s a test
station, and thus 1n the method part of testing 1s performed
in the product palette 100, which 1s characteristic of the first
embodiment, and part of testing 1s performed in the test
station 131, 133 according to the prior art.

The second embodiment of the invention relates to trans-
mission of data on operating settings to the product. Refer-
ence 1s made particularly to FIG. 4 and the memory 901 to
904 shown 1n 1t, which 1s preferably a Flash memory. The
second embodiment 1s characterized 1n that data on operat-
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ing settings are transferred from the memory 901 to 904
provided 1n the palette to the product on the palette. The data
on operating settings in the memory, which the product
palette 100 feeds to the product 1, consist of one or more sets
of software and/or one or more sets of programs the product
1 needs for its operation. For example, 1n the memory 901
to 904 each memory section 901 to 904 comprises operating,
soltware for a different product model, and thus e.g. soft-
ware related to product model ABCD of a phone manufac-
turer 1s fed to the product 1 from the product palette 100. The
data on operating settings can also be a language packet, 1.e.
software or part of 1t 1n a certain language. In that case the
memories 901 to 904 could include the menu program in
four languages, of which one 1s transterred from the memory
of the product palette 100 to the telephone, e.g. from
memory 901. The third data on operating settings could
include software related to the operators graphic operator
logo or part of 1t. IT the manufacturer produces phones for
networks of four operators, for example, on the same
production line 1n the same lot, each memory 901 to 904
includes the software related to the logo of a different
operator. All the above-mentioned data on operating settings
as well as other data can also be included 1n the same product
palette 100. For example, the sub-parts of memory 901
could include the operating software of several phones, the
sub-parts of memory 902 could comprise language packet
programs for several languages, and the sub-parts of
memory 903 could comprise software related to several
operator logos. The size of the flash memory 1s e.g. about 20
to 40 MB, but 1t should be noted that as memory circuits and
technology develop, the size of the palette’s flash memory
may also increase considerably 1n the future, mainly because
the products (e.g. a mobile phone) into which the operating,
software 1s fed from the palette’s flash memory become
more complex and will be provided with new {features.
Consequently, the operating software will also require more
memory capacity in the future. The soitware of the palette’s
main processor (CPU) 1s performed from the palette’s flash
memory, and thus 1n the preferred embodiment the software
controlling the palette’s operation 1s included 1n the above-
mentioned flash memory together with the operating soft-
ware or other data on settings to be fed from the palette into
the product. The above-mentioned way, 1.e. the use of a
common flash memory, simplifies the implementation and
makes 1t faster. The software controlling the operation of the
palette requires less capacity than 5 MB. In the preferred
embodiment the size of the memory area to be reserved for
the product’s settings data in the panel’s flash memory must
be larger and approximately correspond to program versions
of two target devices, 1.e. products to be tested, 1.e. a capacity
of e.g. 20 to 40 MB 1s suilicient.

It 1s not necessary to feed the data on operating settings
before testing of the circuit board (rough version of the
product) after SMD stacking. A program 1s usually fed for
operational testing. The data on operating settings can be fed
before or after the test impulse and testing of the first phase.
The data on operating settings are often fed before because
the process has more capacity for a time-consuming opera-
tion. After operational testing the data needed to customize
the product are fed (language, operator, etc.). Data on
operating settings can also be loaded 1nto the products after
production at service.

The second embodiment of the invention functions as
follows: data on operating settings are transferred from one
or more memories 901 to 904 controlled by the CPU wvia the
signal connection 110 to the memory of the product 1, such
as a phone 1.
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The palette preferably comprises several products, and
thus there are e.g. several test arrangements, as appears from
FIG. 5. The energy source 140 can be common.

The moment at which data are transmitted from the
product palette 100 to the product 1 can be one or more of
the following: when the product palette 100 moves on the
production line, when the product palette 100 1s stationary
on the production line, after the product palette 100 has been
removed from the production line.

Finally we will describe activation of the product 1, 1.e.
switching-on of operating energy, which 1s carried out using,
an activation signal. If the product does not include a source
ol operating voltage for the product 1, a power source or
another source for operating signal, the above-mentioned
activation signal 1s a signal which includes the operating
signal. If the product i1s not activated by feeding the oper-
ating signal to the product, the activation of the above-
mentioned operating signal can be provided in the same or
in a different activation signal. This switches the product on
and thus corresponds to the POWER ON command of the
main switch. If the product tested comprises a source for
operating voltage, a power source or another source for
operating signal, such as the battery of the phone, the
above-mentioned activation signal refers to control from the
product palette, which switches on the operating signal of
the source of operating signal imncluded in the product. In
other words, this command switches the product on and
corresponds to the POWER ON command of the product’s
main switch or the like, but 1t 1s performed via an interface
in the product, such as a bottom connector. The term
activation should thus be interpreted broadly, 1.e. 1t does not
only comprise switching-on of an existing or a fed operating
signal, but also feeding of an operating signal. The activation
signal enables activation or directly activates the product.
Alternatively, there are at least two activation signals: the
first activation signal feeds the operating signal to the
product 2 (enables activation), and the second activation
signal functions as a command to switch the operating signal
on, 1.e. as a command to switch the product 1 on (activates).

It 1s obvious to a person skilled in the art that as the
technology advances, the mventive concept can be imple-
mented 1n various ways. The invention and its embodiments
are not limited to the examples described above, but may
vary within the scope of the claims.

The invention claimed 1s:

1. A product palette for carrying an electronics product on
a production line, comprising:

a signal interface configured to establish a signal connec-

tion between the product palette and the product; and

a test arrangement connected with the signal interface, the

test arrangement being used for subjecting the product
to one or more test operations 1n the product palette by
the signal interface;

wherein the product palette 1s configured to be moved on

the production line, the test arrangement of the product
palette comprises at least one generator of test impulses
for generating at least one test impulse in the product
palette, and the generator of test impulses 1s connected
to the signal connection that connects the product
palette and the product for feeding at least one test
impulse from the product palette to the product on the
product palette.

2. The product palette of claim 1, wherein the test
arrangement of the product palette comprises a detector for
detecting influence of at least one test impulse on the product
to be tested on the product palette.
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3. The product palette of claam 1, wherein the test
arrangement of the product palette and/or the product palette
comprises an energy source configured to provide energy for
generating one or more test impulses.

4. The product palette of claim 1, wherein in the test
arrangement of the product palette, the test impulse genera-
tor comprises a generator of analog impulses.

5. The product palette of claim 1, wherein in the test
arrangement of the product palette, the test impulse genera-
tor comprises a generator of digital test impulses.

6. The product palette of claim 2, wherein 1n the test
arrangement ol the product palette, the detector of the
impulse influence comprises a detector of analog responses.

7. The product palette of claim 2, wherein 1n the test
arrangement of the product palette, the detector of the
impulse influence comprises a detector of digital responses.

10
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8. The product palette of claim 2, wherein the product
palette comprises means for transferring data on operating,
settings the product needs for its operation from the product
palette to the product.

9. The product palette of claim 8, wherein the product
palette comprises a memory configured for data on operating
settings and the memory 1s connected to the means for
transierring data on operating settings.

10. The product palette of claim 8, wherein the data on
operating settings the product palette feeds to the product
include at least one set of software and/or at least one set of
programs the product needs for 1ts operation.
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